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ABSTRACT: Two field experiments were conducted at the
Experimental Station Farm (at Abies), Faculty of Agriculture,
Alexandria University, during the two winter seasons of 1999/2000
and 2000/2001. The objective of this investigation was to study the
effects of two organic fertilizer rates (0 and 25 m® fad.”), three
inorganic mitrogen levels (0, 20 and 40 kg N fad.”) and two
biofertilization treatments (inoculation with and without bacteria of
genus Rhizobium), and their combination treatments on some
vegetative growth characters and chemical composition of pea
(Pisum sativum L.). The obtained results indicated that application of
cattle manure at the rate of 25 m® fad.” increased, significantly, all
vegetative growth characters; plant height, number of leaves and
branches plant?, and fresh and dry mass plant’; in both seasons.
Application of nitrogen at the rate of 20 kg N fad.™ and Rhizobium
inoculation gave the best, significant, mean values of most studied
characters. The interactions of organic manure by mincrai nitrogen,
organic manure by biofertilizer and mineral nitrogen by Rhizobium
inoculation reflected significant influences on all the studied
vegetative growth characters. The most favourable combination
treatments were 25 m® cattle manure fad.” + 20 kg N fad.”, 25 m’
cattle manure fad." + Rhizobium inoculation and 20 kg N fad.™ +
Rhizobium inoculation. Moreover, apPlication of organic manure at
the rate of 25m’fad.™ +20 kg N fad.™ + Rhizobisum inoculation was
the best second-order interaction treatment for all vegetative growth
parameters. Generally, the N, P and K concentrations of pea leaves
were significantly affected by nitrogen fertilizer applications.
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Whereas, each of organic manure and Rhizobium inoculation did not.
reflect any significant effect. on. the contents of N, P and K in pea
leaves . Also, all the interaction treatments had no significant effect on
the percentages of N, P and K contents of pea leaves.

INTRODUCTION

Pea (Pisum sativum L.) is one of
the most popular vegetable crops
grown successfully in Egypt. It had
a high nutritional value due to its
high contents of protein, minerals
and vitamins. Due to the progressive
increments in fresh local consumption
and processing demands as a result of
continuous increases in population
number, efforts for increasing the
productivity and improving the
quality of pea must be given a
great attention.

Nitrogen fertilization is of a

great importance in the production
of pea. The biological fixation of
atmospheric nitrogen by pea plants
through the symbiotic action of
nitrogen-fixing bacteria may be
sufficient to meet the plant’s needs
or not. Nitrogen fertilizer was
found to have stimulative effects
on root growth of many legume
crops as reported by many
investigators (Cebula efal, 1987,
Rai and Alipit, 1989, Swidan,
1995). The excessive use of nitrogen
fertilizer leads to an environmental
pollution (Hartman, 1988). In

addition, the inorganic N fertilizers
represent the major coast of crop
production. - Under these
circumstances, supplementing or
substitution of inorganic N
fertilizers with organic sources,
such as those of microbial origin,
is needed (Barakat and Gabr,
1998). -

Organic fertilizer, such as cattle
manure, is considered as an
important source of humus, macro-
and micro-elements carrier, and at
the same time increase the activity
of the useful micro-organisms (El-
Gizy, 1994). Many authors
documented favourable effects of
organic manures on plant growth.
The addition "of organic fertilizers
improves the soil structure which can
encourage root development and
leads to better growth (Soliman et
al, 1991, Singer et al, 1998;
Tarkalson er al, 1998).
Maintaining  soil - fertility  "and
productivity level could be achieved
through periodic addition of proper
organic materials in combination
with inorganic fertilizers (Abd El-
Latif and Abdel Fattah, 1983; Sakr
et al, 1992). Also, Ibrahim ef al.
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(1986) concluded that organic
materials increased the efficiency
of inorganic fertilizers,
particularly, in the long term.

The wuse of biofertilizer
containing the symbiotic N-fixing
bacteria of genus Rhizobium, is of a
great agricultural importance for
legumes production (Abd El-
Naby, 1998; Arisha et al, 1998,
Merghany, 1999; Abd El-Ati et al,,
2000). Dealing with the effects of
bacterial inoculation, Sundstorn et
al. (1982) clarified that N-fixation
was the greatest with 25 kg N ha.™!
applied at sowing time followed by
bacterial inoculation after 21 days
of sowing.

Thus, the major objective of
this research was to study the main
effects and interactions of organic
manure, inorganic nitrogen fertilizer
and Rhizobium inoculation on
vegetative growth characters of
pea plants.

MATERIALS AND METHODS

During the two consecutive
winter seasons of 1999/2000 and
2000/2001, two field trials were
carried out at the Experimental
Station Farm (at Abies), of the
Faculty of Agriculture, Alexandria
University. The goal of these trials
was to study the effects of
fertilization with organic manure,
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inorganic
Rhizobium
plants.

nitrogen  fertilizer and
inoculation on pea

Each experiment comprised 12
treatments represent all possible
combinations of two organic
fertilizer rates (0 and 25 m’. fad.™),
three inorganic N fertilizer levels
(0, 20 and 40 kg N fad.” ) and two
seed inoculation treatments (with
or without a biofertilizer containing
the symbiotic N-fixing bacteria of
genus Rhizobium). Cattle manure and
ammonium nitrates 33.5% were
the respective sources of the
organic and mineral fertilizers,
consecutively.

Prior to the initiation of each
experiment, soil samples were
collected and analyzed according to
the published methods (Page e? al,
1982). Results of the analysis are
given in Table 1. The chemical
properties of the wused cattle
manure are presented in Table 2.

The experimental layout was
split-split plot in a randomized
complete blocks design with three
replications. Organic  manure
treatments were arranged as the
main plots, nitrogen rates were
considered as the sub-plots and
seed inoculation treatments were
taken as sub-sub plots, Each sub-
sub plot consisted of tfiree rows 4
m long and 70 cm wide . The cattle



Solieman, et. al.

754

Table 1. Physical and chemical properties of the experimental site, during the winter seasons of 1999/2000

and 2000/2001
Properties Physical Chemical
Sand Silt Clay Texture | pH EC N ‘P K oM.
Seasons (%) (%) (%) (ds.m?) (%) (ppm) (megl’) (%)
1999/2000 4459 1681 3860 Clay- 7.8 3.34 0.13 12 0.05 1.27
loam
2000/2001 4248 1434 43.10 Clay- 7.83 -2.56 0.14 13 0.05 2.62
' loam

Table 2. Chemical properties of the cattle manure during the winter seasons of 1999/2000 and 2000/2001

Propertics N 3 K PH oM
s o0 o ) )
1999/2000 098 0.49 0.98 8.08 15.75
2000/2001 060 0.39 l.'2_1 - 8.02 18.25
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manure was incorporated into the
soil before seed sowing. Seeds of
pea cv. “Master” were inoculated
with the symbiotic N-fixing
bacteria of genus Rhizobium and
were directly planted after
inoculation on one side of the rows
at 20 cm apart on Nov. 19, 1999
and Oct. 19, 2000. The mineral N
fertilizer was banded at two equal
portions; 25 and 35 days after seed
sowing. During the growing
seasons, all other recommended
agromanagements were followed. In
each sub-sub plot, five plants, after
70 days of seed sowing, were
randomly chosen from the outer
two rows to measure the following
characters; plant height, number of
leaves and branches plant”, fresh
and dry masses plant” and nutrient
contents of leaves. One hundred of
leaves were collected after 70 days
of seed sowing, washed with
distilled water, dried at 70 C, ground
and digested using hydrogen peroxide
and sulphoric acid. Concentrations
of N, P andK were determined as
outlined in FAO (1980).

Appropriate analysis of
variance on results of each
experiment was performed (Costat
Software, 1985). Comparisons
among the means of different
treatments were undertaken using
the revised L.S.D. procedure atp =
0.05 level as illustrated by Smith
(1978).
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RESULTS AND DISCUSSIONS

The results of the main effects of
organic manure, mineral nitrogen
and Rhizobium inoculation on
vegetative growth characters of
pea plants are shown in Table 3.
Application of cattle manure at the
rate of 25 m® fad.”" significantly
increased all the studied vegetative
growth characters, - compared to
control, in both growing seasons.
Increasing  the morphological
characters of pea plants, after
organic manure application may be
due to increasing - the soil organic
matter content, . cation exchange
capacity -and mineral nutrients,
which in tumn encouraged the plant
growth to go forward. El-Mansi et
al.  (1999), = emphasized the
importance of addition organic
manure to sandy soils , which can
result in improving their physio-
chemical and biological properties.
The previous mentioned results
were in general accordance with
those reported by many researchers
(Soliman et al, 1991; El-Gizy,
1994 ; Gendy et al., 1994).

The application of irorganic N
fertilizer to the grown pea plants,
irrespective of the amounts used,
significantly, gave longer plants,
more number of leaves, and
branches plant’ and attained
heavier fresh and dry masses
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Table 3. The main effects of organic manure, mineral nitrogen and biofertilizer inoculation treatments on vegetative growth characters of pea
plants, during the two winter seasons of 1999/2000 and 2000/2001

Seasons 1999/2000 . 2000/2001
Treatments Plant No. of No. of Fresh mass Drymiass | Plantheight  No. of leaves No. of Freshmass  Drymass
beight  leaves  bramches plont plant” (cm) plant” branches ® (8)
(cm) _ plan’  pleat’ i ® plant”
"QOrganic manure rates
00 - 63.41*B 1908B 180B 5167B 6.94B 69.02B 20.95B 1.77B 5118B 6.55B
0, 7134A 2304A  1.58A 6211A 809A 75.93A  2633A 202A 6289A 134A
1 ni I
No 6032C 1848C 1NC 49.58B 6.38C 66.20C 19.72C 168B 4766C 625C
N, 7267TA 2366A 1352A 6193A 822A T835A  2638A 203A 6336A  T43A
. N, . _ 69458 2103B 233B $9.29A 1.74B T267B 24628 Pog A 59.37B 7.16B
*Biofertlizer inoculati
By 6615B 2068A 215B 35.78B 729A 70.36B 22608 185B 55738 6878
B, 6881A 2144A 223A 33.09A 174 A 74358A  2469A 194A S833A 103A

* Values followed by the same lester (s), within a comparable group of means of the main effects , are not significantly different, using revised L.S.D. test at 0.05 Jevel.
* Organic mamre rates (m® fad.”) : O, = without organic masre (control) and O, = 25.

=20a0d N; = 40.
* Biofertilizer inoculation:Bo = Uninoculated and B; = inoculsted with Riizobium .

¥ Mineral nitrogen rates (kg N fad. ") : Np = without nitrogen (control), Ny
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plant’, compared with those of the
control  (without N), in both
seasons(Table 3). The application of
20 kg N fad." gave, significantly,
higher mean values for plant
height, number of leaves plant™
and dry mass plant’, than the
addition of 40kg N fad , in both
seasons. The same mﬂuence on
number of branches plant™, in the
first season, and fresh mass plant”,
in the second season, was obvious.
The stimulation effects of applying
nitrogen on vegetative growth
characters of pea plants may be
attributed to the well known
functions of nitrogen in plant life.
Being a part of protein, it is an
important constituent of
protoplasm. Also, enzymes, the
biological catalytic agents, which
speed up life processes, have N as
their major constituents. Moreover,
nitrogen involves in many organic
compounds of plant system. A
sufficient supply of various
nitrogenous compounds s,
therefore, required in each plant
cell for its proper functioning
(Mengel and Kirkby, 1987). These
results agree with those reported
by El-Hamdi et al. (1992), Abou-
El-Hassan ef al (1993), Swidan
(1995), Abd-El-Naby (1998), and
Arisha and Bardisi (1999).
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Concemning the effects of
Rhizobium inoculation on

vegetative growth characters of
pea plants, data in Tuvle 3 show
that in  1999/2000 season,
Rhizobium inoculation treatment,
significantly, increased plant
height, number of branches plant”

and fresh mass plant™ compared to
the uninoculated control; whereas,
no sngmﬁcant effects on number of
leaves plant” and dry mass plant™

were detected. In 2000/2001
season, the mean values for all the
studied vegetative growth

-characters of inoculated pea plants

were, significantly, higher than
those of the uninoculaicd control.
Results obtained by many
investigators seemed to confirm
the obtained findings (Hassan ef
al, 1993; Abd El-Naby, 1998,
Merghany, 1999). Whereas, El-
Oksh et al. (1991) reported that,
the bacterial inoculation of seeds
or seedlings showed very slight
effects on plant growth of common
bean. Merghany (1999) mentioned
also that the increase in plant
growth may be attributed to the
ability of Rhizobium to form
nodules .

Data in Table 4 illustrate the
effects of  the first-order
interactions (organic manure X
mineral nitrogen, organic mapure X
biofertilizer and mineral nitrogen x
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Table 4. The first-order interaction effects of among organic manure, mineral nitrogen and biofertilizer inoculation treatments on
vegetative growth characters of pea plants, during the two winter seasons of 1999/2000 and 2000/2001

Seasons 1999/2000 2000/2001
Treatments Plant No. of No. of Fresh  Drymass Plant No. of No. of Fresh  Dry mass
Height leaves beanches mass plant” Height leaves branches mass plant’
plant’ plam’ plant’ ® plant’ plent’ plant” 8
= __(em) ® (om) ®
¥ Organic x nitrogen

0, +N, 5596*e  17.16¢ 1.51c 4748d 6.36¢ 62.28d 18.14d 1564 4236e 597
0, +N; 6696cd  2006b 1.95b 5387c  7.19b% | 728l 1295¢ 1.89bc 5529¢ ~ 684c
0, +N; 6733¢c  20.00b 1.94b 5392¢  726bc | 71.98bc  2176¢ 1.86bc $s87¢ 685c¢
O +N, 6469d 1981b 1.92b 5168cd 680c - |70.13c #130c  130¢ 5297d 6.52d
0, +N, 7837a 21272 3.08a 69992 9.24a 84282 30222 217a 7183a 803a
. O +N, 71.58b  22.05b 2.73a 64665 823ab | 73.37b 27480 2098 63.87b  747b

ic x biofertili :
0, +B, 6149¢c  18.75b 1L73b -4931c  6.58¢ 66.48d 19.3¢¢ 1.69b 49.90d  6.39¢
O, +B, 6534b | 19.40b 1.87b 534200 729b .} 71.57¢ 22.56b 1858 - 5245¢. 6.71b
- O +B, 10822 . 22602 2.56a 6225a 8.00a 74.25b 2583 2013 61.56b 734a
0, +B, - T27a 5 2348a 259a 61.98a 8.18a 71602 2681a 203a 64.22a 7342

* 7 Nitrogen x biofenilizer . -

N, +B, 58.15d 18.074 1.64¢ 48.13¢c  6.50¢ 64.23d . 18.35d 161b 4583d 6.03e
N, +B, 62.49¢ 18.89cd 1.79¢ 5103¢c  666¢ 68.18¢  2109¢ 1.75b 49.50c 6.46d
N, + B, 70.37b 22.38b 2.45ab 59.28b 7.78ab ] 76.93b 24.75b 1962 60.72b  7.28%
N; +B, 7496 2 24942 2.59a 643582 8652 80.16a 28422 20923 66402 7.58a
N, +Bo 69.93b 21.57b 2.36ab 5993b 7.60b 69.93¢ 24.68b 1982 60655 1290
N, + B, 68.96 b 2048bc  2.31b 58.65b  7.89ab {75420 24.56b 1972 59.09b  7.04c

*Values followed by the same letter (s), whﬁnnmmﬁemdmdhminm are not significantly different, using revised L.S.D. test at 0.05 level.
* Organic manure rates (m’ fad. ™) : O, = without organic mamare (control) and O, = 25. '

¥ Mineral nitrogen rates (kg N fad.?) : N, = withost nitrogen (control), N, =20 sad N, = 40.

Z Biofertilizer inoculation:B, = Uninoculated and B, = inoculated with Rhizobiums .
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biofertilizer) on the vegetative
growth characters of pea plants.

The effect of interactions
between the different. rates of
organic manure and ineral

nitrogen on the studied vegetative
characters of pea plants were
found significant, in both winter
seasons. The application of
mineral nitrogen at the rate of 20
kg N fad™', combined with the
application of cattle manure at the
rate of 25 m® fad !, resulted in the
highest significant mean values for
all the studied vegetative parameters,
in both years. This result Hlustrated
that using organic manure had a
beneficial influence on reducing the
amount of mineral nitrogen . This
may be due that organic manure
can offer
micro-organisms that are living in
the soil, which convert the
nutrients form unavailable to
available form for plants (Abou-
Hussein, 2001).

Concerning the interaction effects
between organic fertilization and
seed inoculation with Rhizobium,
the results in Table 4 exhibited
significant differences, within each
studied character, in both seasons.
Comparisons among the mean
values of the different treatment
combinations indicated  that,
whether the pea seeds were

enough nitrogen to
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inoculated  with or without
Rhizobium inoculant, values of all
the studied vegetative parameters
were, significantly, higher with
than without organic Lertiization.
At 25 m’ organic manure fad.,
values of all the studied growth
parameters were Similar whether pea
seeds were inoculated with or without
Rhizobium inoculant. The
exception was in the case of plant
height and fresh mass plant™ in the
2% season as they were
significantly higher with than
without Rhizobium inoculation.
The previous results can be
discussed on the basis that the
inoculated plants migh: live the
ability to produce phytohormons as
IAA, CYT and GA with an

eventual increase in vegetative
growth  (Frankenberger  and
Arshad, 1995, El-Mansi et al,

1999). Scow et al. (1994) reported
that application of FYM to soils
increased the microbial biomass and
stimulated plant growth.

It is clear from datain Table 4
that the interaction between
mineral nitrogen and Rhizobium
inoculation, significanuy, affected
all the vegetative growth
characters of pea plants, in both
years. The optimum interactive
treatment was 20 kg N fad.” +
Rhizobium  inoculation. On the
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other hand, the combination
treatment between 40 kg N fad ™' +
Rhizobium inoculation appeared to
have reducing effects on the
behaviour of all the vegetative
growth characters, in both seasons.
This effect could be due to that,
biofertilizer inoculation plays a
fundamental role in converting
organic form of nutrients such as
nitrogen to mineral nitrogen .

Data presented in Table S
indicate the second-order interactions
among organic manure, mineral
nitrogen and biofertilizer
treatments. The differences among
the mean values of the treatment
combinations for the studied
characters, were high enough to be
significant in most cases, in both
growing  seasons. The best
interaction treatment was obtained
by using organic manure at the rate
of 25 m’. fad.”, combined with 20
kg N fad "' and Rhizobium
inoculation, which resulted inthe
highest mean values of all
vegetative growth parameters, in
the two growing seasons of 1999/
2000 and 2000/2001.

Data presented in Table 6
illustrate the nutrient contents of
pea leaves expressed as N, P and K

(1998),
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percentages. The results, clearly,
indicated that the addition of organic
manure did not reflect any
significant effect onthe N, P and K
concentrations of pea leaves, in
both years. These results did not
agree with those reported by Fayed
(1998), who indicated that the
addition of chicken manure to soil
increased N and P contents in
plants.

Generally, the results presented
in Table 6 show that the N, P and
K concentrations of pea leaves
were, significantly, affected by
nitrogen festilizer applications. The
highest percentages of these
contents were noticed in plants
received 20 kg N fad.”!, in both
seasons. Similar findings were
obtained by Almeida et al. (1988),
who reported that the N content of
all plant parts increased with
increasing N rates. The previous
mentioned results are in agreement
with those reported by Shafshak
(1991) and Merghany (1999).

Results in Table 6 show no
significant effect for Rhizobium
inoculation on the concentrations of
N, P and K in pea leaves, in both
seasons. These results were in line
with those reported by Arisha et al.
who found that the
contents of P and K in pea leaves
did not respond significantly to



Table 5: The second-order interaction effects of among organic manure, mineral nitrogen and biofertilizer inoculation treatments on vegetative growth

characters of pea plants, during the two winter seasons of 1999/2000 and 2000/2001

Seasons 1999/2000 2000/2001
Treatment combinations . No. of No. of Freshmass  Dry mass . No. of No.of  Freshmess  prymass
i h'(“_l:;'ghl leaves beanches plant? plant” pk"‘"_ h“l'gm ©leaves plamt’ branches ptant” plant”
¢ plant’  plant’ () ®) < ' plant” (#) (®
X Organic x * Nitrogeq x * Biofertilizer
0, +N.+B, S343°f 16674 142¢ $6.10¢ 635¢ 3994¢ 1661 f 1 50¢ i192g 584c¢
0, + No+ B, 5849 ¢f 17.66d 160c 48.85 de 6.36¢ 64.61 de 19.67¢f 163 b i280¢g 6.10¢
O, +N, +B, 6424 de 1934cd 186¢ 4947 de 6.51¢ 69.09 cd 20.57ef 177a< 5241 ef 6640
O.+N;+B, 6968bd 2058cd 204bc  5827bd  7.88a< | 7653b  2533bd  200a< 58184  704b
O, +N:+B, 66.79 cd 2004cd  1.92bc 52.3%ce 6.89bc 70.40b-d 20.83d-f 181 a<c 55.38 de 6.70b
O, +N:+ B, 67.85cd 1997cd  196bc 5547 ce 7.62a< 73.36 be 2269c-e .1.91a< 6.37d 701b
O; + N+ B, 62.87 de 1948cd 1.86¢ 50.16 de 6.65¢ 68 31 cd 20 10ef 1 73ac 4973 f 6.23¢ <
O +Ng+B; 66.50 cd 20.13cd  198bc 53.20 c-e 6.96 be T T3pe 2251 c-e 1.87a< 56.20d 682b-"
O +N;+B, 76.50 ab 25230 303a 69.10a 92.06 ab 84.18a 2893ab 2152 69.03b 792a
O+ N+ B, 80242 29.31a 3.14a 70.90 a 943a 8428a 31504 2.19a 7463 a 8.13a> .
O, +N:+B, 73.08 a¢ 23.10bc 2802 67.49 sb 830a< 69.46 od 28.53 ab 2.14a 65920 787a
Oy + No+ By 70.08 b-d4 2099cd  2.65ab 61.84 a-c 8.16 a< 77.28b 26.43 be 2.04 ab 6182¢c 7.08b

* Values followed by the same letter (s), within a comparable group of means of the main effects , are not significantly different. using revised 1..S.D. test at 0.05 level.

X Organic manure rates (m’ fad.”) : Oy = without organic manure (control) snd O, = 25.
¥ Mineral nitrogen rates (kg N fad. ') : No = without pitrogen (control), Ny = 20 and N; = 40.

2 Biofenilizer inoculation: B, = Uninoculated and B, = inoculated with Rhizobium .

£00Z (£)°ON 0€° 19A “say 218y [ 3zvivZ

194
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Table 6. Mineral contents of N, P and K (%) in pea leaves as influenced by organic manure, mineral nitrogen and
biofertilizer inoculation treatments, during the two winter seasons of 1999/2000 and 2000/2001

Seasons 1999/2000 - 2000/2001
Treatments N P K N P K
Organic manure  Mineral  Biofertilizer
rates nitrogen inoculation % %
rates
0o 293"A 026 A 227A 270 A 0.28 A 220A
Oy 292 A 028 A 225A 278 A 029 A 193 A
No 262C 024 B 190C 230B 0.25 AB 1.83B
Ny 326A 032A 258 A 290A 032A 232 A
N2 291B 025B 231B 302A 030A 205 AB
Bo 295 A 026 A 225 A 274 A 030 A 205 A
‘ B 291 A 028 A 227 A 274 A 0.27 A 211 A
Fi for in .
OxN NS N.S NS N.S NS NS
OxB NS NS NS N.S NS N.S
NxB NS NS NS N.S NS NS
' OxNxB N.S N.S N.S ~ NS N.S N.S

# Valucs followed by the same fetter (s). within a comparable group of mcans. arc not significantly differ, using revised L.S.D. test at 0.05

level,
* N.S.= not significant at 0.05 level.

X Organic manure rates (m’ fad™) : O, = without organic manure (control) and O, = 25,
¥ Mineral nitrogen rates (kg. N.fad™) : N = without nitrogen (control), N; = 20 and N; = 40.
Z Biofertilizer inoculation: B, = Uninoculated and B, = inoculated with Rhizobium .
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seed inoculation with Rhizobium.
On the contrary,:Merghany (1999)
stated that the highest values of N,
P and K contents in snap bean
leaves were obtained from the
inoculated plants, compared with
- the uninoculated ones.

Concerning the effects of the
~ different treatment combinations on
the concentrations of N, P and K in
pea leaves, the results illustrated
_that the differences were not high
enough to be significant.
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